Abstrak
Autologous Normovolenic Hemodilution (ANH) has been known for years to conserve blood in major surgery. Its benefits are firstly to improve microcirculation oxygenation and secondly to conserve red blood cells, platelets and coagulation factors. The decrease in hemoglobin (Hb) will be minimized, adjusting to the reduced hematocrite (Hct) due to hemodilution. 1, 2, 3 Autologous normovolemic hemodilution (ANH) is costly and impractical in clinical application, as blood has to be withdrawn (phlebotomy) and at the same time has to be replaced with colloid or crystalloid solution. 4 
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As an alternative procedure, there is another hemodilution method called hypervolemic hemodilution (HHD) where proper solutions should be infused before a major surgery is undertaken. Trouwborst et al 5 had shown that the need of blood transfusion in 16 of their patients who were treated with acute hypervolemic hemodilution using 6% dextran 70 and lactated Ringer solution (1:1 proportion) was reduced without any significant difference in the red blood cell value provided that the bleeding was less than 20% of the blood volume.
This study aimed to investigate which method (ANH or HHD) would provide minimal influence to hemodynamic parameter, i.e. mean arterial pressure (MAP) and heart rate (HR), and to Hb and Hct.
METHODS
Approval from the Ethics Committee was obtained before the study started, and all study population had given their signed informed consent. Inclusion criteria were women who were scheduled for major surgery (Laparotomy, Miles' Operation, or Hysterectomy), with ASA 1-2, age less than 50 years old, and normal weight and height proportion. Exclusion criteria were subjects with liver or kidney disturbances, or cardiovascular, neurological, or respiratory disease. The subjects were randomly allocated to receive ANH or HHD in the 2 pairs which were scheduled for Laparotomy, 2 pairs and for Miles' operation, and 3 pairs for radical hysterectomy.
All women received general anesthesia with controlled ventilation. They were premedicated with 0.1 mg/kg BW of Dehydrobenzperidol and 1 mg/kg BW of Pethidin intramuscularly/intravenously 30/5 minutes before induction of anesthesia. General anesthesia was induced by 5 mg/kg BW of Pentobarbital and intubation was facilitated by 2 mg/kg BW of Succinyl Choline. General anesthesia was maintained with N 2 O and O 2 (2:1) and Enflurane (up to 2 volume %) with Pavulon as the muscle relaxant. Before the induction, all parameters investigated were recorded.
In the ANH group, after intubation but before surgery begun, blood was withdrawn via a 16 G intravenous catheter from large peripheral vein and collected in a blood bag. The amount of the blood withdrawn was replaced by Lactated Ringer Solution.
In the HHD group, after intubation but before surgery begun, 15 mg/kg BW of 6% dextran 70 and lactated Ringer solutions were given with the rate of 50 ml/ minute. Homologous blood transfusion might be given as necessary and recorded.
All parameters investigated were recorded at 1, 20 and 120 minutes after hemodilution. The results of the study were tabulated and means ± SD were calculated using SPSS (Statistical Package for the social science) for Windows. The average MAP, HR, Hb and Hct in the 2 groups were compared by independent t-test method, but the variables which did not follow normal distribution were tested by MANN -WHITNEY method.
RESULTS
Fourteen women were recruited and divided into 2 groups with regard to the type of the surgery. The patients demographic data did not show any statistical difference between the two groups ( Table 1 ).
There was also no statistical difference between the two groups with regard to the parameters investigated before induction of anesthesia (Table 2 ).
In the HHD group, no significant difference was seen on MAP and HR between the specific time measurements and preinduction. However, Hb showed a significant decrease during those times, followed by Hct except on 20 minutes post hemodilution (P= 0.083) ( Table 2 ).
In general, there was a significant decrease compared to the pre-induction value on parameters measured in the ANH group except for HR which showed a significant increase at 20 and 120 minutes post hemodilution compared to the pre-induction value. No significant increase on HR was shown at 1 minute post hemodilution (Table 2) .
Intra-operative bleeding between the two groups showed no significant difference, either for the first 120 minutes (P= 0.151) or after the surgeries were over (P= 0.183) ( Table 3 ).
The average amount of blood transfused during the first 120 minutes period was 485.714 cc homologous blood for all 7 patients of the HHD group (Table 4) . The average amount of blood transfused at the same period in the ANH group was 482.857 cc (Table 5 ). There was no significant difference between the two groups. However only 6 women in the ANH group received autologous blood. The other one got additional 380 cc homologous blood due to surgical complication. There was significant difference on MAP and Hct between ANH and HHD groups at 1 minute posthemodilution which was maintained until 20 minutes after post-hemodilution. However, these difference become insignificant after 120 minutes post-hemodilution (Table 2 ). 
DISCUSSION
There was no significant difference of MAP in the ANH group observed after 1 and 20 minutes posthemodilution ( Table 2 ). The significant decrease of MAP at 120 minutes might be due to several factors, i.e. 80% of the lactated Ringer solution infused had been absorbed by the interstitial tissue and the ongoing intra-operative bleeding which decreased the heart's pre-load. Enflurane might reduce myocard contractivity, thus decreasing stroke volume leading to reduced cardiac output. Enflurane might also reduce systemic vascular resistance. The above factors at last decreased blood pressure. 6 The same results were also observed in the HHD group, although no significant difference was seen (P= 0.155). However, if both groups were compared, significant differences were only seen at 1 and 20 minutes posthemodilution and no difference at 120 minutes posthemodilution (Table 2 ). It is known that hemodilution will reduce blood viscosity, which in turn will increase venous return. The increasing tendency of MAP after 1 and 20 minutes in HHD group (although it was not significant) was due to preload volume addition. However, due to the effects of anesthesia, this increases were not significant.
The decreasing tendency of MAP after 1 and 20 minutes in the ANH group (although it was also not significant) was due to the decrease in blood viscosity, the effects of anesthesia and the decrease in arterial oxygen content. The latter in turn would increase cardiac output to maintain oxygen delivery. Thus for the ANH group, the cardiovascular response depend on the rate of hemodilution, blood volume circulation, the type of solution used to replace blood volume and the capability of compensation (defense) mechanism. The graph of MAP of the two groups is shown in figure 1 .
Heart rate is an SA node intrinsic function (spontaneous depolarization) which was influenced by autonomic function, humoral and local factors. Normal heart rate is 118 -(0.57 x age) times/minute. Generally, heart rate is accelerated by sympathetic action and decelerated by vagus stimulus. 8 Distinct effect was observed in experimental dog which was given pentobarbital, i.e. the acceleration of heart beat due to vagolytic effect.
9,10
However, different study in human showed no distinct effect.
11
The tendency of decreasing HR (although not significant) in the HHD group might be due to stimulation reflex of baroreceptor in Carotid sinus and arcus aortae as the result of the increasing cardiac output. 12 The tendency of increasing HR (although not significant) in the ANH group might be due to the cardiac output response which tended to decrease this condition, and in turn stimulated the baroreceptor to increase the heart rate, as Nicolas as cited by Morgan et al 13 showed the same results. The graph of the two groups is shown in figure 2.
It has been well known that hemodilution may decrease the values of Hb and Hct. 3, 14 Each group in this study also showed a significant reduction in Hb and Hct values. There was a significant difference in Hct value between the two groups at 1 and 20 minutes post hemodilution, but no difference was shown at 120 minutes after hemodilution. Although there is no standard of hemodilution rate, the decrease in Hct from normal value (40%) to the value between 25 -35% is considered as medium hemodilution and if the Hct value reaches <20% it belonged to high hemodilution 4, 14 Thus this study showed medium hemodilution. The decrease in Hb value will, of course, cause the decrease in arterial oxygen content. However, this will be compensated by the increasing oxygen extraction ratio (EO2). 4, 11 By using ANH method we could significantly reduce the need of homologous blood transfusion. However, this method is time consuming, costly and impractical in clinical application.
It is concluded from this study that both methods could be used in clinical setting. Further studies with larger study population, broader socio-demographic variables, broader types of surgery and more variables of observation i.e. central venous pressure, arterial blood gas analyses etc. are required.
